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Table of Z transforms

1. (a) Draw a diagram of a generalised digital control system showing where an ADC and DAC would be used.
(4)

(b) Describe the causes of both round-off and truncation processes in quantization, and plot the effects on a ramp input where the quantization quantum size is q.
(4)

[image: image1.wmf](c) The figures below show the response of a system under digital three-term control. The control effort shows quite large kicks occurring on top of the average control action.
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Answer the following questions concerning the above graphs:

(i) Explain the cause of the sharp kicks in control action.
(2)
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State why the magnitude of the sudden changes in control action is constant and equal to:

And explain each of the terms used.
(3)

(iii) Given that the converter is an 8-bit device, the controller gain is 1.5, the integral time is 2.5 s, the derivative time is 0.8 s, transport delay is 1 s, sample and hold time is 0.05 s, calculate the percentage change in control effort for each quantum step.
(3)

(iv) Do these kicks degrade control performance, and why?
(1)

(v) What effect do the kicks have on the actuator?
(1)

(vi) Describe two ways in which the kicks, or the effects caused by the kicks, can be minimised.
(2)

2. (a) Explain why the pulse-transfer function is so useful in digital control systems.
(5)

(b) The Laplace transform of a unit pulse, u(t), of width T is:
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[image: image30.wmf]Control Effort vs Time (s)
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[image: image6.wmf]Show how the pulse transfer function, G(z), can be derived from the above equation to give the following:
(5)

(c) A first order system with time constant 10 seconds is controlled by an industrial computer using a sample time of 2 seconds. Determine the pulse transfer function of the plant as seen by the computer.
(6)

(d) How would the open loop response of the original continuous time system in (c) and the equivalent pulse transfer function differ, for:

(i) a step input
(2)

(ii) a ramp input
(2)

[image: image7.wmf]Y

X

z

z

z

(

)

=

-

2


3. (a) Use the following diagrams to derive the formulae for discrete time approximation of integration in the form:

y(i) = y(i-1) + … 


using:

(i) the forward rectangular rule
(2)

(ii) the backward rectangular rule
(2)

(iii) [image: image8.wmf]the trapezoidal rule
(2)


(b) A unit ramp signal when sampled once per second produces the discrete time series


{x(i)} = 0, 1, 2, 3, 4, … etc


     Apply the discrete approximations of differentiation based upon the forward rectangular, backward rectangular, and trapezoidal rules to the series. Then compare the results with the analogue equivalent of a perfect integrator. What do you conclude about the suitability of each rule for integration?
(8)


(c) Using the rectangular rule, derive the difference equation for a discrete time approximation to the phase lead compensator given by:
(6)
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4. (a) Determine the difference equation for the current output, y(i), for the following pulse transfer function and comment upon its realisation in real-time:
(5)
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(b) Find the differential equation for implementation in a real-time computer program, for the following controller:
(5)
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[image: image13.wmf]Control Effort vs Time (s)
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(c) Write down the computer flow chart for the difference equation in (b).
(5)

[image: image14.wmf]System Response vs Time (s)
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(d) The following diagram shows a computer flow chart. Write down the difference equation, which describes the relationship between the output, y, and the input, x.
(5)
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A discrete time model of an industrial plant is given by:

(a) Find the position of the two open-loop poles.
(4)

(b) State whether the plant Gp(z) is stable or unstable and explain why.
(4)

(c) Given that a controller needs to be designed to set the closed-loop poles at  z = 0.4 ( 0.3j, calculate the closed-loop characteristic equation
(4)

(d) Show that the direct design method of finding a compensator, Gc(z), which gives the system the specified closed loop transfer function, F(z), is given by:
(4)

[image: image16.wmf]
(e) Design a stable controller with the closed-loop poles given in (c) and with no steady-state error to step input demands.
(4)

6. An industrial process company is upgrading the control and instrumentation equipment in one of its chemical mixing plants. The existing analogue PID controllers are to be replaced by a computer, and you have been asked to implement the new software algorithms. The plant is shown in the following diagram, where l1 and l2 are the heights of the reactants (m) in each of the tanks, A1 and A2 are the areas (m2), and q1, q2 and q3 are flow rates (m3/s):
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Given that the general equation for the output of the analogue PID control law is:

(a) Show that equivalent digital implementation is as follows. Explain the steps in your derivation.
(4)


[image: image19.wmf]
(b) What do you notice about the above equation, which makes it marginally unstable, and how would you modify the equation to overcome the instability in practice? Write down your modified algorithm
(4)

(c) Using your new algorithm, derive the difference equation for u(i) in terms of u(i-1), e(i) and e(i-1), where i refers to the ith sample value.
(4)

(d) Draw a software flow diagram showing how you would implement your new PID algorithm, applied to the control of the level in the second tank (l2) in the above process, where the control input is the inflow into the first tank (q1).
(4)

(e) In a practical design, explain how you would deal with overcoming problems of set-point kick, auto/manual transfer, and windup. Describe what is meant by each term, state what the problems are, and then propose your solutions.
(4)
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QUESTN1

		0		0.560		4.000		0.000		4.000		4.000		4

		1		0.190		3.690		0.040		3.730		3.000		3.010

		2		0.850		4.040		0.080		4.120		4.000		5.020

		3		0.254		3.794		0.120		3.914		3.000		3.030

		4		0.948		4.242		0.160		4.402		4.000		5.040

		5		0.027		3.769		0.200		3.969		3.000		3.050

		6		0.125		3.394		0.239		3.634		3.000		4.060

		7		0.798		3.692		0.279		3.971		3.000		4.070

		8		0.460		3.652		0.319		3.971		3.000		4.080

		9		0.488		3.641		0.358		3.999		3.000		4.090

		10		0.220		3.360		0.397		3.758		3.000		4.100

		11		0.948		3.809		0.436		4.245		4.000		5.110

		12		0.117		3.426		0.475		3.902		3.000		3.120

		13		0.528		3.455		0.514		3.969		3.000		4.130

		14		0.017		2.972		0.553		3.525		3.000		4.140

		15		0.452		2.924		0.591		3.515		3.000		4.150

		16		0.263		2.687		0.629		3.317		3.000		4.160

		17		0.281		2.468		0.667		3.135		3.000		4.170

		18		0.505		2.473		0.705		3.178		3.000		4.180

		19		0.155		2.129		0.742		2.870		2.000		3.190

		20		0.988		2.616		0.779		3.395		3.000		5.200

		21		0.995		3.111		0.816		3.926		3.000		4.210

		22		0.898		3.509		0.852		4.361		4.000		5.220

		23		0.855		3.864		0.888		4.752		4.000		4.230

		24		0.896		4.259		0.924		5.183		5.000		5.240

		25		0.941		4.700		0.959		5.659		5.000		4.250

		26		0.576		4.776		0.994		5.770		5.000		4.260

		27		0.713		4.989		1.028		6.017		6.000		5.270

		28		0.390		4.879		1.062		5.942		5.000		3.280

		29		0.781		5.160		1.096		6.256		6.000		5.290

		30		0.770		5.431		1.129		6.560		6.000		4.300

		31		0.776		5.706		1.162		6.869		6.000		4.310

		32		0.470		5.677		1.194		6.871		6.000		4.320

		33		0.554		5.731		1.226		6.957		6.000		4.330

		34		0.370		5.601		1.258		6.859		6.000		4.340

		35		0.833		5.935		1.288		7.223		7.000		5.350

		36		0.481		5.916		1.319		7.235		7.000		4.360

		37		0.901		6.317		1.349		7.666		7.000		4.370

		38		0.481		6.298		1.378		7.676		7.000		4.380

		39		0.529		6.327		1.407		7.733		7.000		4.390

		40		0.175		6.002		1.435		7.437		7.000		4.400

		41		0.972		6.474		1.462		7.937		7.000		4.410

		42		0.678		6.652		1.489		8.141		8.000		5.420

		43		0.029		6.181		1.516		7.697		7.000		3.430

		44		0.073		5.755		1.541		7.296		7.000		4.440

		45		0.903		6.158		1.567		7.724		7.000		4.450

		46		0.071		5.728		1.591		7.320		7.000		4.460

		47		0.482		5.710		1.615		7.326		7.000		4.470

		48		0.762		5.973		1.638		7.611		7.000		4.480

		49		0.598		6.071		1.661		7.732		7.000		4.490

		50		0.271		5.842		1.683		7.525		7.000		4.500

		51		0.330		5.673		1.704		7.377		7.000		4.510

		52		0.405		5.577		1.725		7.302		7.000		4.520

		53		0.442		5.519		1.745		7.264		7.000		4.530

		54		0.542		5.561		1.764		7.325		7.000		4.540

		55		0.445		5.506		1.782		7.288		7.000		4.550

		56		0.730		5.736		1.800		7.536		7.000		4.560

		57		0.384		5.620		1.817		7.437		7.000		4.570

		58		0.716		5.836		1.834		7.670		7.000		4.580

		59		0.742		6.078		1.849		7.927		7.000		4.590

		60		0.120		5.698		1.864		7.562		7.000		4.600

		61		0.347		5.545		1.878		7.423		7.000		4.610

		62		0.706		5.751		1.892		7.643		7.000		4.620

		63		0.077		5.328		1.904		7.232		7.000		4.630

		64		0.927		5.755		1.916		7.671		7.000		4.640

		65		0.642		5.897		1.927		7.824		7.000		4.650

		66		0.000		5.397		1.937		7.334		7.000		4.660

		67		0.874		5.771		1.947		7.718		7.000		4.670

		68		0.530		5.801		1.956		7.757		7.000		4.680

		69		0.833		6.134		1.964		8.098		8.000		5.690

		70		0.936		6.570		1.971		8.541		8.000		4.700

		71		0.608		6.678		1.977		8.655		8.000		4.710

		72		0.692		6.870		1.983		8.853		8.000		4.720

		73		0.666		7.036		1.988		9.024		9.000		5.730

		74		0.568		7.104		1.992		9.096		9.000		4.740

		75		0.083		6.688		1.995		8.683		8.000		3.750

		76		0.617		6.804		1.997		8.802		8.000		4.760

		77		0.835		7.140		1.999		9.139		9.000		5.770

		78		0.104		6.744		2.000		8.744		8.000		3.780

		79		0.105		6.349		2.000		8.349		8.000		4.790

		80		0.049		5.898		1.999		7.897		7.000		3.800

		81		0.906		6.304		1.998		8.301		8.000		5.810

		82		0.491		6.295		1.995		8.290		8.000		4.820

		83		0.550		6.345		1.992		8.337		8.000		4.830

		84		0.144		5.989		1.988		7.977		7.000		3.840

		85		0.927		6.416		1.983		8.399		8.000		5.850

		86		0.527		6.443		1.978		8.421		8.000		4.860

		87		0.756		6.699		1.971		8.671		8.000		4.870

		88		0.510		6.709		1.964		8.674		8.000		4.880

		89		0.595		6.804		1.956		8.760		8.000		4.890

		90		0.144		6.448		1.948		8.396		8.000		4.900

		91		0.050		5.998		1.938		7.936		7.000		3.910

		92		0.902		6.401		1.928		8.329		8.000		5.920

		93		0.279		6.180		1.917		8.097		8.000		4.930

		94		0.934		6.614		1.905		8.519		8.000		4.940

		95		0.201		6.315		1.893		8.208		8.000		4.950

		96		0.912		6.727		1.879		8.606		8.000		4.960

		97		0.602		6.829		1.865		8.694		8.000		4.970

		98		0.425		6.754		1.850		8.605		8.000		4.980

		99		0.101		6.355		1.835		8.190		8.000		4.990

		100		0.175		6.030		1.819		7.848		7.000		4.000
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		0		0.560		4.000		0.000		4.000		4.000		4

		1		0.190		3.690		0.040		3.730		3.000		3.010

		2		0.850		4.040		0.080		4.120		4.000		5.020

		3		0.254		3.794		0.120		3.914		3.000		3.030

		4		0.948		4.242		0.160		4.402		4.000		5.040

		5		0.027		3.769		0.200		3.969		3.000		3.050

		6		0.125		3.394		0.239		3.634		3.000		4.060

		7		0.798		3.692		0.279		3.971		3.000		4.070

		8		0.460		3.652		0.319		3.971		3.000		4.080

		9		0.488		3.641		0.358		3.999		3.000		4.090

		10		0.220		3.360		0.397		3.758		3.000		4.100

		11		0.948		3.809		0.436		4.245		4.000		5.110

		12		0.117		3.426		0.475		3.902		3.000		3.120

		13		0.528		3.455		0.514		3.969		3.000		4.130

		14		0.017		2.972		0.553		3.525		3.000		4.140

		15		0.452		2.924		0.591		3.515		3.000		4.150

		16		0.263		2.687		0.629		3.317		3.000		4.160

		17		0.281		2.468		0.667		3.135		3.000		4.170

		18		0.505		2.473		0.705		3.178		3.000		4.180

		19		0.155		2.129		0.742		2.870		2.000		3.190

		20		0.988		2.616		0.779		3.395		3.000		5.200

		21		0.995		3.111		0.816		3.926		3.000		4.210

		22		0.898		3.509		0.852		4.361		4.000		5.220

		23		0.855		3.864		0.888		4.752		4.000		4.230

		24		0.896		4.259		0.924		5.183		5.000		5.240

		25		0.941		4.700		0.959		5.659		5.000		4.250

		26		0.576		4.776		0.994		5.770		5.000		4.260

		27		0.713		4.989		1.028		6.017		6.000		5.270

		28		0.390		4.879		1.062		5.942		5.000		3.280

		29		0.781		5.160		1.096		6.256		6.000		5.290

		30		0.770		5.431		1.129		6.560		6.000		4.300

		31		0.776		5.706		1.162		6.869		6.000		4.310

		32		0.470		5.677		1.194		6.871		6.000		4.320

		33		0.554		5.731		1.226		6.957		6.000		4.330

		34		0.370		5.601		1.258		6.859		6.000		4.340

		35		0.833		5.935		1.288		7.223		7.000		5.350

		36		0.481		5.916		1.319		7.235		7.000		4.360

		37		0.901		6.317		1.349		7.666		7.000		4.370

		38		0.481		6.298		1.378		7.676		7.000		4.380

		39		0.529		6.327		1.407		7.733		7.000		4.390

		40		0.175		6.002		1.435		7.437		7.000		4.400

		41		0.972		6.474		1.462		7.937		7.000		4.410

		42		0.678		6.652		1.489		8.141		8.000		5.420

		43		0.029		6.181		1.516		7.697		7.000		3.430

		44		0.073		5.755		1.541		7.296		7.000		4.440

		45		0.903		6.158		1.567		7.724		7.000		4.450

		46		0.071		5.728		1.591		7.320		7.000		4.460

		47		0.482		5.710		1.615		7.326		7.000		4.470

		48		0.762		5.973		1.638		7.611		7.000		4.480

		49		0.598		6.071		1.661		7.732		7.000		4.490

		50		0.271		5.842		1.683		7.525		7.000		4.500

		51		0.330		5.673		1.704		7.377		7.000		4.510

		52		0.405		5.577		1.725		7.302		7.000		4.520

		53		0.442		5.519		1.745		7.264		7.000		4.530

		54		0.542		5.561		1.764		7.325		7.000		4.540

		55		0.445		5.506		1.782		7.288		7.000		4.550

		56		0.730		5.736		1.800		7.536		7.000		4.560

		57		0.384		5.620		1.817		7.437		7.000		4.570

		58		0.716		5.836		1.834		7.670		7.000		4.580

		59		0.742		6.078		1.849		7.927		7.000		4.590

		60		0.120		5.698		1.864		7.562		7.000		4.600

		61		0.347		5.545		1.878		7.423		7.000		4.610

		62		0.706		5.751		1.892		7.643		7.000		4.620

		63		0.077		5.328		1.904		7.232		7.000		4.630

		64		0.927		5.755		1.916		7.671		7.000		4.640

		65		0.642		5.897		1.927		7.824		7.000		4.650

		66		0.000		5.397		1.937		7.334		7.000		4.660

		67		0.874		5.771		1.947		7.718		7.000		4.670

		68		0.530		5.801		1.956		7.757		7.000		4.680

		69		0.833		6.134		1.964		8.098		8.000		5.690

		70		0.936		6.570		1.971		8.541		8.000		4.700

		71		0.608		6.678		1.977		8.655		8.000		4.710

		72		0.692		6.870		1.983		8.853		8.000		4.720

		73		0.666		7.036		1.988		9.024		9.000		5.730

		74		0.568		7.104		1.992		9.096		9.000		4.740

		75		0.083		6.688		1.995		8.683		8.000		3.750

		76		0.617		6.804		1.997		8.802		8.000		4.760

		77		0.835		7.140		1.999		9.139		9.000		5.770

		78		0.104		6.744		2.000		8.744		8.000		3.780

		79		0.105		6.349		2.000		8.349		8.000		4.790

		80		0.049		5.898		1.999		7.897		7.000		3.800

		81		0.906		6.304		1.998		8.301		8.000		5.810

		82		0.491		6.295		1.995		8.290		8.000		4.820

		83		0.550		6.345		1.992		8.337		8.000		4.830

		84		0.144		5.989		1.988		7.977		7.000		3.840

		85		0.927		6.416		1.983		8.399		8.000		5.850

		86		0.527		6.443		1.978		8.421		8.000		4.860

		87		0.756		6.699		1.971		8.671		8.000		4.870

		88		0.510		6.709		1.964		8.674		8.000		4.880

		89		0.595		6.804		1.956		8.760		8.000		4.890

		90		0.144		6.448		1.948		8.396		8.000		4.900

		91		0.050		5.998		1.938		7.936		7.000		3.910

		92		0.902		6.401		1.928		8.329		8.000		5.920

		93		0.279		6.180		1.917		8.097		8.000		4.930

		94		0.934		6.614		1.905		8.519		8.000		4.940

		95		0.201		6.315		1.893		8.208		8.000		4.950

		96		0.912		6.727		1.879		8.606		8.000		4.960

		97		0.602		6.829		1.865		8.694		8.000		4.970

		98		0.425		6.754		1.850		8.605		8.000		4.980

		99		0.101		6.355		1.835		8.190		8.000		4.990

		100		0.175		6.030		1.819		7.848		7.000		4.000
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